In 2012, SIMEC Mining commissioned a haematite ore beneficiation plant (OBP) 
Introduction
SIMEC Mining is a large mining company based in South Australia. Mining is carried out in the Middleback Ranges approximately 60 km from the Whyalla township. The company is an exporter of haematite iron ore and supplies magnetite iron ore feed to Liberty OneSteel, an integrated steel works in Whyalla. SIMEC Mining and Liberty OneSteel is part of the GFG Alliance Australia.
Currently, SIMEC Mining operates in three mining regions with multiple pits -Iron Duchess, Iron Knight, Iron Duke, Iron Magnet, Iron Baron and Iron Chieftain (Figure 1 ).
Figure 1 SIMEC's Eyre Peninsula mining areas
In 2012, SIMEC Mining commissioned a haematite ore beneficiation plant (OBP) at the Iron Baron mine site to upgrade low and medium grade waste dumps. The tailings discharge strategy was to convert existing previously mined pits into in-pit tailings storage facilities (TSF). Additionally, it was important that SIMEC Mining recovered as much of the entrained water in the tailings as possible for use back in the process to offset fresh water purchases.
This paper provides a case study surrounding activities at the Big Baron Pit tailings disposal area with respect to the problems that were encountered and how these issues were resolved using Nalco WaterShed polymer as well as the flow-on benefits to other areas of SIMEC's operations.
Also note that this successful case history resulted from close collaboration between SIMEC Mining staff with their mining experience and Nalco Water engineers with extensive experience in tailings treatment with polymers to develop a simple, cost-effective and operationally practical solution to the problems encountered at the Big Baron Pit.
Problem analysis and data
The primary issues with discharging untreated OBP tailings to the Big Baron Pit were:
 The business case for discharging tailings into the Big Baron Pit was built on the premise that water trapped in the tailings could be recovered to positively impact on SIMEC Operations Global Water Balance. No water was being released from the slurry or recovered for re-use with the existing plant configuration.
 As the pit had identified fault lines, this permitted potential loss of water to escape into the aquifer which could impact the water table.
 The quality of any water that could ultimately be extracted needed to be such that it could be used within the OBP, thus offsetting the need to purchase water from an outside source.
Tailings and water -where is it all going?
With the introduction of the OBP, tailings had to be disposed of within the boundaries of the mining lease, and in-pit disposal of tailings was agreed upon as the best way forward after assessment of alternative solution viability, cost and safety considerations. The existing voids at the Iron Baron mine provided an ideal location to discharge the tailings as they required minimal capital injection since the pits were already established. They did require additional pipework for depositing the tailings and recovering the decant water back to the processing plant.
When the OBP began operation, tailings from the thickener underflow at 44% solids were pumped using multi-stage pumping several kilometres to the Big Baron Pit.
After several months of monitoring of the Big Baron Pit, it was apparent that very little water was being released from the slurry and that it was lost to evaporation and/or seepage. Tracking the pit capacity based on the volume of tailings deposited indicated that the pit level was not rising as fast as expected. The plant continued to deposit tailings into the Big Baron Pit and recorded the volume deposited versus the volume retained and the results were worse than anticipated. Using these results and some simple mass balances, knowing the percent solids and dry tailings mass, flow rate, etc., it was discovered that if it was only the water escaping then there should be more volume retained. This was not the case, so it was postulated that potentially some of the fine solids that are suspended in the tailings were escaping with the water. Table 1 provides an overview of the tailings make-up being sent to the Big Baron Pit. There is a large quantity of fines, with over 60% being less than 38 microns. This high fine proportion potentially allows for easy movement of solids through faults and fissures, thus providing the potential to escape. The plant was losing fine solids and water by seepage and evaporation and not recovering any decant at all to offset the cost of purchasing water from a limited-supply outside source. This had further implications of seriously impacting operational licences if groundwater rose past agreed maximum levels. It was at this stage that the search for a realistic, cost-effective and operationally practical solution to the problem was sought.
A geochemical assessment of a sample of the tailings produced at the ore beneficiation plant indicated that the tailings stream (both solids and liquids) should be geochemically benign and pose no constraints for the operation and decommissioning of an in-pit TSF. The assessment also deemed there to be no major failures identified on the northern, western and eastern walls of the Big Baron Pit. These walls are the main walls of concern. There were some small localised failures noted at various locations along the eastern wall. These locations were deemed not to be influential on the integrity of the eastern wall. There were erosion channels noticed on the western wall due to surface water runoff. These were not to be of concern. 
Monitoring bore levels
The bore levels are typically monitored by SIMEC Mining's environmental department at the start of each month. This provided some initial data to work from. Figure 5 shows data from May 2012 to September 2013. The area indicated shows the period in which the trial took place. The northern and western monitoring bores ( Figure 6 ) continued to increase at the same rate as prior to the polymer treatment. The southern bore, which is located at the end of the pit where the decant water accumulates, can be seen to increase at a higher rate than prior to the trial. This was to be expected as it was anticipated the pit was not fully sealed prior to WaterShed polymer treatment (Owens 2013). 
Water quality
Since no decant water was available prior to commencing of polymer make-up, water was sourced from the Prince Pit as dilution water for the chemical dosing. Table 2 shows the results of the water quality for the Big Baron Pit as well as the Prince Pit.
The Prince Pit water starts with a high conductivity and total dissolved solids. This can then be seen to have a flow-on effect to the Big Baron water as it too started with relatively high values for conductivity and total dissolved solids. The conductivity and total dissolved solids (TDS) can be seen to drop steadily over the course of the trial. This was expected as the process water that makes up the tailings was of much better quality than the water in the Prince Pit. During the trial, the recovered water was being deposited into the Prince Pit, diluting the Prince Pit water which feeds the dosing equipment (Owens 2013).
Towards the end of the trial, there were some results which indicated a higher quality water was recovered from the Big Baron Pit than was in the process water tank. This was a good outcome and confirmed that the recovered water from WaterShed polymer treatment was very acceptable for ongoing use in the plant. 
Phase one -lab testing
Significant lab testing and process modelling was carried out to establish the correct treatment program and the most effective application strategy to meet the ultimate trial objectives (Bennett 2011 ).
The full detail of this preliminary work will not be discussed in this paper as the objective is to relay actual plant results and performance against objectives that have the potential to help other operators in their efforts to solve 'here and now' plant problems. Consulting services are available to assist with specific client needs regarding the use of this technology.
The following photos (Figure 8 ) demonstrate the WaterShed polymer technical capability to separate solids from water in bench-scale test work. 
Phase two -conceptual design and trial objectives
A conceptual design for a trial was developed with Nalco Water, which commenced in March 2013 (Johns et al. 2012 ).
The agreed KPI emphasis being on:
 Dewatering the tailings at point of discharge into the pit (target > 60% solids).
 Quantifying volume of recovered water along with cost-benefit analysis.
 Using the reclaimed water for dust suppression in the first instance until quality can be confirmed suitable for reuse in the process to offset outside water purchases providing savings for the operation.
 Seal the fault lines and fissures within the pit to prevent potential groundwater contamination.
The self-contained trial equipment was set up near the current tailings discharge into the Big Baron Pit (Figures 9 and 10) . The equipment was also near the decant water recovery line back to the plant, as a potential water source for polymer dilution. Paste 2018, Perth, Australia 
Phase three -field-scale trial
The initial trial plan was for three weeks of operation. The trial commenced using process water sent from the Prince Pit as no decant water was available in the Big Baron Pit.
Immediately upon chemical addition, free water became liberated from the slurry and began to flow towards the decant area. The first stages of beach formation were also observed ( Figure 11 ).
The results achieved were visually very clear even to those that had doubts about the use of this technology to solve the problems at the Big Baron Pit. Within two days of the trial commencing, free water in sufficient quantity was observed and recovery at the decant point commenced shortly after. As soon as sufficient decant was available, the total water supply for polymer system operation was drawn from the decant system in closed circuit so the whole application was self-sufficient in terms of water with no negative impact on the greater operations' water balance. Figure 12 taken from the southern end of the pit (decant end) clearly shows the beach development prior to start-up and at 48 hrs into the trial. It can be seen that a significant beach has been established with dosing and decant water pooling. It was also observed that solids had begun to settle out with the formation of a beach near the discharge point.
At day three (Figure 13 ), it was clear that solids were rapidly settling on and building the beach to the point that the drop point needed to be moved back up the access ramp to the pit. This became standard practice as the project developed.
Figure 13 Beach development at day three (drop point raised)
With the water recovery starting at the decant structure, this indicated that the cracks through which water was potentially lost previously had started to seal. Further surveying showed that solids were in fact building up within the TSF. This was backed up by analysis of the surrounding monitoring bores, which showed no increase in the water table, indicating that the cracks in the base of the pit had in fact been sealed.
In the initial weeks of operation, water recovery was confirmed to be of the order of 63% of TSF inflow. Subsequent ongoing operation under good conditions saw this increase over time with process optimisation.
The Big Baron Pit WaterShed polymer trial was all about water recovery and insuring the pit was sealed. Very little focus was placed on strength or density measurements, however, water recovery was closely monitored and, by calculation, it was determined that the initial 44% solids slurry being pumped to the pit was increased to an average of 68% solids by the removal and recovery of 65 m 3 /hr of decant (63% average recovery). Allowing for further released water by self-weighting over time and water lost to evaporation it is postulated that final average solids were higher again.
After one month of operation (Figure 14) , the beach height at the discharge point had increased by 3 m. WaterShed polymer dosing continued until the void was declared full in September 2014 (Figure 15 ). During the life of the application a consolidated matrix of dewatered solids was progressively layered down to a depth of approximately 35 m (RL257-RL222).
The consolidated tailings were still releasing water by self-weighting (late September 2014). The volume released being insufficient to recover was lost to evaporation or provided drinking water for the wild goats that happily tracked across the tailings.  Iron Duke -large above-ground TSF.
The Iron Duke application on the above-ground TSF has been unique in that the WaterShed technology has been used to assist in converting the design of the TSF to perimeter discharge central decant (PDCD). This has provided solutions to several site-specific issues surrounding the TSF and has enabled the establishment of a solid foundation to support the current upstream wall raises which are underway. This application will likely provide detailed information to support another case study paper in the future.
With each new application, the WaterShed equipment package design (Figure 16 ) has been upgraded to containerised systems with full telemetry to allow relocation of the systems around the sites as required. Figure 16 shows the current system in operation at the Iron Duke application. Paste 2018, Perth, Australia 
Summary and return on investment
The plant-scale effectiveness of WaterShed polymer technology (previously called OreBind) was tested on a full plant-scale. The trial was initially intended to run for a period of two to three weeks. After the initial success of the trial, the operations team at Iron Baron requested that the trial continues indefinitely.
During the trial, the monitoring of flows, pit levels, bore water levels, water volumes, water quality and WaterShed polymer consumption was something that had to be paid close attention to. The bore levels were of interest to the environmental department as we were expecting to be producing a large amount of water and the management of that was very important to avoid environmental issues. The bulk of SIMEC's mining activities currently takes place on the Eyre Peninsula. There is a finite amount of fresh water available in the region and it is believed that industry is fast approaching the limit of what is available. As such, if a new mine or ore processing facility were to be considered there would be little water available for this. The success of the Iron Baron Pit project confirmed the benefits of the Nalco WaterShed technology, thus widening the scope of options open to SIMEC Mining into the future. The company has demonstrated a commitment to doing the right thing by the community and the environment, which should assist with approvals for future development of operations.
